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Specification 

1 . Title of the Invention 

METHOD FOR CASTING OF CASTINGS WITH UNIDIRECTIONAL STRUCTURE 
ORIENTATION 



2. Patent Claims 



(1) A method for casting of castings with unidirectional structure orientation comprising the 
steps of heating a ceramic mold disposed inside a mold heating furnace so that it can be raised 
and lowered to a temperature no less than the solidification temperature of a molten base 
material, pouring said molten base material that was separately melted into said mold to obtain a 
melt bath, gradually lowering said mold, once a stationary state of said melt bath inside said 
mold has been attained, through a fluidized bed formed by a powder of a substance with a high 
melting point which does not react with said melt bath inside a fluidized bed cooling apparatus 
equipped with a cooling mechanism directly below said mold heating furnace and an inert gas 
blown from a gas permeable plate disposed in the bottom portion, and completing the 
solidification of said melt bath, _ 

3 . Detailed Description of the Invention 

The present invention relates to a method for casting of castings with unidirectional 
sbucture orientation in which the disturbance of the product structure is prevented by providing a 
melt bath in a mold with large temperature ^adienfih "the 16h]ptud2ial dfife'clro'n, while 
suppressing the temperature gradient in the lateral direction. 

For example, the following methods have been used for casting of castings with 
unidirectional structure orientation, such as gas turbine parts employed at a high temperature and 
under a high stress, for example, turbine blades and vanes. 

(1) Power down method 

With this method, solidification is advanced under a temperature gradient obtained by 
successively controlling a mold heater on the underside thereof, this mold heater being separated 
from a metallic water-cooled plate located at the mold bottom. The drawback of this method was 
that the solidification rate was low which resulted in a poor efficiency. 

(2) Rapid solidification method (Japanese Patent No. 486830) 

With this method, solidification is advanced by successively pulling a mold having a 
water-cooled metallic bottom from a heating zone. The drawback of this method was that the 
temperature gradient in the lateral direction (tangential direction) appeared in the solidification 
direction. 

(3) LMC method 

With this method, once pouring of a melt into a bottom-sealed casting mold has been 
completed, the mold is unidirectionally introduced from a heating zone into a liquid metal with a 
low melting point (lead, tin, and the like). The drawback of this method was that a liquid metal 
was used as a coolant and therefore the liquid metal could become a source of contamination 
when it was brought in contact with the melt bath. 

(4) Russian method (Japanese Patent Application Laid-open No. 49-130320) 



In accordance with this method, once pouring of a melt into a bottom-sealed casting mold 
has been completed, a water-cooled plate is brought in contact thereto and the melt is pulled out 
from a heating zone. This method has the same drawbacks as the above-described method (2). 

It is an object of the present invention to resolve the above-described problems and to 
provide a method for casting of castings with unidirectional structure orientation in which the 
disturbance of the product structure is prevented by providing a melt bath in a mold with a large 
temperature gradient in the longitudinal direction, while suppressing the temperature gradient in 
the lateral direction. Thus, the present invention provides a method for casting of castings with 
unidirectional structure orientation comprising the steps of heating a ceramic mold disposed 
inside a mold heating furnace so that it can be raised and lowered to a temperature no less than 
the solidification temperature of a molten base material, pouring the molten base material that 
was separately melted into the mold to obtain a melt bath, gradually lowering the mold, once a 
stationary state of the melt bath inside the mold has been attained, through a fluidized bed 
formed by a powder of a substance with a high melting point which does not react with the melt 
bath inside a fluidized bed cooling apparatus equipped with a cooling mechanism directly below 
the mold heating furnace and an inert gas blown from a gas permeable plate disposed in the 
bottom portion, and completing the solidification of the melt bath. 

The present invention will be described below with reference to the drawings attached. 
Fig 1 schematically represents an apparatus used for the implementation of the present 
invention. Fig 2(a) is a microscope image illustrating an example of good structure of a casting 
obtained in accordance with the present invention. Fig 2(b) is a microscope image illustrating 
structure disturbance in the casting obtained by the conventional technology. The horizontal axis 
in Figs 2(a) and (b) shows a crystallization direction. 

In Fig 1, a ceramic mold 5 disposed inside a mold heating furnace 1 1 equipped with a 
graphite susceptor 4 so that it can be raised and lowered is heated with a high-frequency heating 
apparatus 14 to a temperature no less than the crystallization temperature of a molten base 
material which is the object of casting. The molten base material that has been melted in a 
separately provided melting furnace 2 is poured into the heated mold 5 to form a melt bath. Once 
a stationary state of the melt bath (without convection or vortexes) inside the mold has been 
attained, the mold 5 is lowered and introduced, while a temperature gradient in the longitudinal 
direction is being gradually provided thereto, into a fluidized bed inside a fluidized bed cooling 
apparatus 12 provided with a water-cooled coil 6 and located directly below the mold heating 
furnace 1 1 . This fluidized bed is formed by a powder 7 of a stable substance with a high melting 
point which causes no reaction with the melt bath even, when it is brought in direct contact 
therewith and an inert gas 13, such as argon, helium, and the like, which is uniformly blown 
from a gas pressure tank chamber 9 through a gas permeable plate 8 located in the bottom 
portion. Thus, the powder 7 is raised and fluidized by adjusting the pressure and flow rate of the 
inert gas 13, and the mold 5 can be gradually lowered and introduced, without resistance, into the 
powder 7 in a fluidized state. Inside the fluidized bed, a significant temperature gradient in the 
lateral direction is provided to the mold 5 and the fluidized powder 7 is brought in uniform 
contact with the lower portion of the mold 5. As a result, unidirectional solidification of the melt 
bath is readily induced. Moreover, since the fluidized powder 7 penetrates between the outer 
walls of the mold 5, temperature gradient in the lateral direction can be held to a minimum. 
Lowering and introduction of the mold 5 into the fluidized bed is continued till the solidification 
of the melt bath is completed. 

The effect of the present invention is described below. 



(1) The cooling system is completely separated from the heating system. The mold can be 
uniformly heated before the melt is poured into the mold Homogeneous nucleation can be 
induced in a desired period by lowering the mold into a cooling apparatus after the melt was 
poured therein, if a stationary state is selected in which convection and vortexes in the melt bath 
are eliminated Therefore, initiation of solidification during pouring of the melt, which was 
typical for the power down method and rapid solidification method representing the conventional 
technology, is avoided.. 

(2) With the rapid solidification method and Russian method representing the 
conventional technology, the mold and the cooling apparatus are pulled out from a susceptor. 
Therefore, heat emission and solidification are advanced mainly by radiation; By contrast, in 
accordance with the present invention, heat is extracted from the mold by means of direct contact 
with a cooling fluidized powder. Therefore, a large temperature gradient can be obtained. As a 
result, the solidification rate can be increased Furthermore, when the mold had a large size and 
the so-called cluster mold was used within the framework of the rapid solidification method and 
Russian method representing the conventional technology, even if the outer walls were rapidly 
cooled, the central portion remained hot. As a result, a temperature gradient easily occurred in 
the lateral direction (tangential direction) and a disturbance of product structure shown in Fig 
2(b) could be easily observed As a result, mechanical strength, tensile strength, thermal fatigue 
strength, and creep strength of the product degraded By contrast, in accordance with the present 
invention, the temperature gradient in the lateral direction can be held to a minimum. Therefore, 
a very good structure of the product shown in Fig 2(a) can be obtained 

(3) With .the LMC method representing the conventional technology, a molten metal is 
used as a cooling medium. As a result, when the mold is broken or because of wall surface flow, 
the molten metal can be mixed with the product. No such problem is associated with the method 
in accordance with the present invention. 

As described above, the present invention provides a method for casting of castings with 
unidirectional structure orientation in which the disturbance of the product structure is prevented 
by providing a melt bath in a mold with a large temperature gradient in the longitudinal 
direction, while suppressing the temperature gradient in the lateral direction. Accordingly, the 
present invention is very useful for the manufacture of gas turbine parts employed at a high 
temperature and under a high stress. 

4. Brief Description of the Invention 

Fig 1 schematically represents the apparatus used for the implementation of the present 
invention. Fig 2(a) is a microscope image illustrating an example of good structure of the casting 
obtained in accordance with the present invention. Fig 2(b) is a microscope image illustrating 
structure disturbance in the casting obtained by the conventional technology. The horizontal axis 
in Figs 2(a) and (b) shows a crystallization direction. 

[Legends] 

1 - apparatus for raising and lowering a mold 

2 - melting furnace 
3 -mold support 

4 - graphite susceptor 



5 -mold 

6 - water-cooled coil 
7 -powder 

8 _ gas-permeable plate 

9 - gas pressure tank chamber 

1 1 - mold beating furnace 

12 - fluidized bed cooling apparatus 
13 -inert gas 

13a - inert gas cylinder 

14 - high- frequency heating apparatus. 
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